The configurational entropy setup is employed to study dynamical tachyonic holographic AdS/QCD models. The phenomenology of light-flavour mesonic states is then corroborated by the Shannon's information. Tachyonic bulk corrections to the dynamical AdS/QCD show more dominant and abundant dual mesonic states in the 4D boundary QCD, when compared to the dual mesons in the standard dynamical AdS/QCD. Entropic Regge-like trajectories are also emulated.
I. INTRODUCTION
The quantum chromodynamics (QCD) phenomenology, underlying AdS/QCD holographic models, has been studied with a precise instrument called configurational entropy (CE) [1, 2] . Light-flavour mesons [3] and the glueball phenomenology [4] were investigated in the context of the CE, underlying the AdS/QCD setup. The CE was also used to study and derive cross-sections of hadronic matter in the color-glass condensate in various contexts [5] [6] [7] . Besides, the quark-gluon condensate [8] and quarkonia dissociation [9] were also explored in the context of the CE.
The CE regards aspects of information in physical systems [1, 2] . Representing a certain logarithmic amount that devises information compression, the CE measures the entropy of shape of localized physical systems and configurations [2, 10, 11] . More specifically, the CE contrives the compression of data inherent to modes in a given physical system, whose states, corresponding to lower values of the CE, shall request less energy to be yielded, being also more abundant, more dominant, and also more probable to be detected and observed as well [3] . Further aspects of the CE were presented in Ref. [12] .
A fruitful stage of applications for the CE is gravity. In fact, AdS 5 -Schwarzschild black branes were The AdS/QCD holographic setup presents an AdS 5 bulk, representing weakly coupled gravity, as the dual theory of the (strongly coupled) 4D conformal gauge field theory (CFT), on the boundary of AdS 5 . Fields living in the AdS 5 bulk are dual to 4D QCD operators. In this context, the confinement, preventing color, charged, particles to be observed in an isolated way, can be then implemented in two ways, consisting either of a hard cutoff along the extra dimension or of a dilatonic background that provides a dynamical (soft) cut-off [28] . Phenomenologically, the quark-gluon plasma, the mesonic spectra and their decay constants, for example, were precisely predicted in the AdS/QCD correspondence, matching to experimental data at the LHC and the RHIC [29] . The QCD coupling constant increases with respect to energy decrements, implying that many hadronic features can not be reported by a perturbative QCD. Hadronic phenomenology can be, thus, placed into the AdS/QCD correspondence, wherein the conformal symmetry may be broken by an energy parameter in the AdS bulk, which is dual to the infrared (IR) cut-off, governed by a mass scale, in the AdS 5 boundary gauge theory. Besides the hard wall AdS/QCD setup [30, 31] , a 5D dilatonic bulk background was used in Ref. [32] , to implement the softwall setup, that reproduces the Regge trajectories for mesons, according to the mass spectrum m 2 ∝ ∼ S + n, for excitation number n and spin S. In the soft-wall, a brane singularity is dynamically yielded by a scalar field emulating a smooth IR cut-off [33] .
AdS/QCD models were initially probed by the CE in Refs. [3, 4, 9] . Tachyonic 5D domain wall models can be implemented on smooth 5D branes [34] [35] [36] within the framework of cosmological inflationary scenarios [37, 38] . Now we want to explore the tachyonic corrections to dynamical AdS/QCD holographic models [39] , from the point of view of their underlying informational content. We shall show how the tachyonic corrections to the existing dynamical AdS/QCD models can derive a more compressed CE. Hence, the abundance of dual mesons shall be compared to their tachyonless counterparts.
In order to classify tachyonic corrections to the CE of excited light-flavour mesons, after briefly reviewing the CE setup, in Sect. II the framework for the dynamical tachyonic holographic AdS/QCD soft-wall is introduced. Besides, their tachyonic counterparts have, respectively, a lower CE for any fixed meson spin, corresponding to more abundant and dominant states. The Sakai-Sugimoto model and also higher spin mesons contributions, due to large N c suppression, is are used to compute the CE. Sect. III is devoted to provide our concluding remarks and outlook.
II. CONFIGURATIONAL ENTROPY OF TACHYONIC ADS/QCD MODELS
The 5D action for the graviton-dilaton coupling in the Einstein frame reads
where we adopt hereon natural units; R stands for the scalar curvature, and φ denotes the dilaton field depending on the extra dimension, being V (φ) the potential driving the model. A conformal coordinate system
is employed, with z = y exp A(y . ) dy . being the 5D energy scale, for y denoting the fifth dimension, and η AB is the 5D Minkowski metric. The warp factor
is necessary to match the AdS/QCD setup with experiments [40] , forÅ(z) running deformations of the AdS 5 metric that are not conformal, whereÅ(0) = 0 yields the asymptotic AdS 5 bulk in the UV limit [32, 40] .
By denoting the derivative with respect to the conformal z coordinate, the Einstein-Euler-Lagrange equations for the action (1) yield
where
For studying the CE of light-flavour mesons, in the standard dynamical AdS/QCD setup, the IR (z → ∞) and UV (z → 0) regimes of the metric in Eq. (2) must be appropriate ones. The warp factorÅ a (z) ∼ z a in Refs. [42, 43] is usually chosen, regarding the deformed warp factor in Eq. (3). This choice is in full compliance for the dilaton to be a solution of (4 -6) and matches the one in Refs. [40, 41, 44, 45] for a = 2. Besides, Regge trajectories were studied in Ref. [32] , being here employed to investigate the CE of tachyonic AdS/QCD models and its phenomenological implementation in the context of light-flavour mesonic excitations. These excitations are emulated when Kaluza-Klein string modes of S > 2 spin, related to the tensorial fields ψ A1...A S , are taken into account. The associated action
can derive the functions ψ n,S , governed by the Schrödinger-like equation,
with potential
correspond to the square of the 4D light-flavour mesonic states mass in QCD. The Regge trajectories driven by Eq. (8) have the mass spectra profile m 2 n ∼ n [32, 41] . For QCD data to be described [29] , the warp factor
is then adopted, for Λ ≈ 300 MeV [40, 44] .
Tachyonic corrections to the dynamical AdS/QCD model can be then implemented, when the large N c limit of QCD represents the 4D holographic dual of the 5D gravity, coupled to both the 5D dilaton and the 5D tachyonic field. This system is described by a generalization of the action (1), by including a tachyonic field
where T denotes the tachyonic field, associated with the closed string tachyon [39] . The dilaton and the tachyon are assumed to exclusively depend on the fifth dimension [46, 47] . The following equations of motion [39] ,
are, clearly, equivalent Eqs. (4 -6) , in the absence of tachyonic fields.
Ref. [39] shows that using conformal mappings for the dilaton, the metric have to be in the form g AB = z −2 e 
The parameter a has to be positive, to prevent a ghost for the tachyonic T field. The scalar potential reads [39]
The choice a = √ 6/6 yields the AdS 5 metric, implementing the solution of Ref. [32] . Another possible solution
η AB that is asymptotically AdS 5 , in the UV regime.
The phenomenological scale k can be introduced by z → kz, that can be identified, in the UV regime, to the AdS 5 curvature. The parameter a drives the location of the soft-wall z 0 = ( √ ak) −1 , being the inverse of the mass scale. Besides, the potential (16) can be expanded, up to second order in the fields, as
, being the first term related to the (negative) cosmological constant [39] . Besides, Eq. (15) yields all higher-order terms to be insignificant. Now we proceed to the computation of the CE for the above model. The CE relies on the Shannon's entropy in information theory. Given a quadratically Lebesgueintegrable function ρ(x) on the space R D and its Fourier transform
comprising the weight of the system ω mode. The CE is then defined as
The more information is needed for decoding any data, the less compressed the information underlying the data shall be. In addition, the modal fraction in Eq. (17) regards the shape of the configuration, in momentum space, to the profile of ρ(x). Hence, the CE represents the inherent informational content in general physical systems that have (localized) energy density configurations ρ(x).
Hereon we adopt D = 1, corresponding the z energy scale in the AdS/QCD model. Taking into account the metric ansatz, the energy density reads ρ = 3e 2A (A +2A 2 )η 00 [48, 49] . (17) and (18) yield the CE of the dynamical tachyonic AdS/QCD holographic model, for both the UV and IR limits, in Fig. 1 . The lower the light-flavour meson spin, the lower the CE is, for both the UV and IR regimes. It reveals that the modes encrypted in the light-flavour mesons have a more compressed information underlying content, corroborating with the bigger abundance and dominance of lower spin mesonic states in Nature that are experimentally detected [3, 9, 29] . Moreover, the fact that we have in-corporated tachyonic corrections to the previous results in Ref. [3] shows in Fig. 1 that the bulk tachyon field (15) decreases the CE of the light-flavour mesons, for any fixed spin S. Still, as in the tachyonless case [3] , the lower the mesons spin, the more predictable and dominant the informational content of the system is. Hence, light-flavour mesonic states are more dominant with tachyonic corrections, for both UV and IR regimes.
The value of CE can be still corrected for higher spin mesonic states, considering the D 4 − D 8 deformed soft-wall [50] . The (asymptotically) AdS 5 metric corresponds to the so called D 3 system, whereas the SakaiSugimoto setup [51] regards the D 4 − D 8 system [52] , that can induce a deformation of the soft-wall [50] , as A(z) = −a 0 log(z), φ(z) = d 0 log(z) + c 0 z 2 . The tachyon field in (15) can be incorporated as well into the D 4 −D 8 system by deforming T (z) = √ 6z+f 0 log(z). Besides, the function used to derive the light-flavour mesonic states in Eq. (9) can be also deformed C = (2S −1) A+φ → C = −k(2S −1)A+φ, for both the UV and IR [50] , where in the D 4 −D 8 system one has k = 7 3 , a 0 = 3 2 = −d 0 , [50] , values adopted here to plot the graphics: IR regime Fig. 2 , corresponding to the UV asymptotic limit. For the D 3 system, mesonic states of spin S = 6, with tachyonic corrections, have a lower value of the CE than the (tachyonless) mesonic states of spin S = 5, suggesting that the tachyonic mesonic state S = 6 may be more dominant than the (tachyonless) mesonic states of spin S = 5. Their difference in the CE is just about ∼ 0.5%. Now, higher spin S contributions, due to the large N c suppression [53] can be also taken into account. Indeed, for higher values of the state spin S, the energy density shall be corrected. The results are encoded in Fig. 3 below: Again, in this case the higher the mesonic states spin, the higher the CE, for both tachyonic and tachyonless AdS/QCD. However, the CE increases in a lower rate, for the tachyonic case.
III. CONCLUDING REMARKS AND OUTLOOK
Tachyonic potentials, as the one in the action (11) , is motivated by a D-brane -anti-D-brane system, that presents a tachyonic excitation. At its minimum value, it contributes to the energy density and cancels out the sum of the tensions accumulated into the system [54] . Further aspects on the tachyon condensation can be seen, e. g., in Ref. [55] in the context of the string field theory.
The CE, underlying the dynamical tachyonic AdS/QCD model, was studied, showing that, also in the tachyonic background, light-flavour mesonic states with lower spins are more dominant and abundant than higher spin mesonic states. The most unexpected result regards our analysis in Figs. 1, 2 , and 3. Starting from Fig. 1 , for both the UV and the IR regimes of AdS/QCD, the tachyon field (and its potential) in the 5D bulk action (11) for the tachyonic AdS/QCD model derives a CE for the dual mesons for any fixed spin, in the 4D boundary, that is lower than the tachyonless, standard, dynamical AdS/QCD. Besides, the UV limit in Fig. 1 has a lower CE than the IR limit, for any fixed mesonic state spin. Fig. 2 brings also relevant results. In fact, tachyonic corrections to the D 3 system in Fig. 2 provide a lower CE underlying the 4D mesonic states, when compared to their tachyonless counterparts. It occurs for both the IR and UV regimes. Besides, still in Fig. 2 , the Sakai-Sugimoto model, implementing a D 4 −D 8 system, was studied, deforming the AdS/QCD soft-wall model. Again, for any fixed spin, the 4D light-flavour mesons present a lower CE, with tachyonic corrections, when compared to the mesons without bulk tachyon field. In Fig. 3 , the large N c supression was also considered. Once more the tachyonic corrections to the AdS/QCD makes a lower CE of the mesonic states, for any fixed spin, when compared to the absence of bulk tachyon fields. In all the considered cases, adding a tachyonic field in the 5D bulk induces more dominant and abundant light-flavour dual mesons in the 4D boundary. Besides, although the parameter a is indeed a free parameter, the dynamical AdS/QCD model can be solely recovered by the choice a = √ 6/6, in Eqs. (15) . In fact, the factor √ a in the tachyon field T in Eq. (15) implies that the a > 0, to prevent ghosts involving the T field. Besides, the choice a = √ 6/6 implies that the bulk metric corresponds to a pure AdS 5 space, being the dilaton quadratic in z, thus implementing the dynamical AdS/QCD model. Other values for the a parameter might correspond to asymptotic AdS 5 spaces. Since the soft-wall location z 0 = ( √ ak) −1 depends on the a parameter and on the AdS 5 curvature k as well, for the bulk cosmological constant of order M 3 k 2 , where M is the 5D Planck scale, one takes 1/z 0 as an energy scale. Experimental data can, thus, drive the range for the a parameter [29] , for the mesonic mass spectra lying in the range 134.9 MeV/c 2 m 11.01GeV/c 2 . Values of a other than √ 6/6 might lead to other dynamical tachyonic models, that are not asymptotically AdS.
Taking into account the mesons Regge trajectories [32] and experimental data [29] , there is a correlation between the light-flavour mesonic states spin excitations and their CE. The higher the spin, the higher the CE is. Mesonic states with very high spins are predicted to be too rare to be produced and detected. In fact, their entropy of shape is extremely high, for very high values of the spin. Hence, the CE is a valuable instrument, both for theoretical and experimental physics, to probe QCD phenomenology. As the experimental data of high-spin mesonic states is not prolific [29] , the CE can puzzle out the categorization of high-spin light-flavour mesonic states into families. We conclude that the organizational information, underlying the 4D boundary mesons, is even more compressed when a tachyonic field is included in the AdS/QCD action. Hence, tachyonic corrections to the CE of lightflavour mesonic states are more dominant and abundant than their tachyonless counterparts, for each fixed spin.
Finally, entropic Regge-like trajectories can be emulated from the dynamical AdS/QCD model, relating the CE to the mesonic state spin. It is worth to emphasize that the CE can be interpolated by the cubic function for the IR regime in tachyonless case, by CE(S) = 0.0451 S 3 − 0.1084 S 2 + 0.6413 S − 0.0821, at the given range of mesonic states spin, within 0.3%. Besides, the logarithm of the CE can be also interpolated by the equation CE(S) = 0.0385 S 3 − 0.0427 S 2 − 0.0372 S + 0.8721, for the tachyonic IR regime, within 0.2%. Analogously, the tachyonless UV regime case gives CE(S) = 0.0025 S 3 +0.2871 S 2 −1.2122 S +2.2879, within 0.3%, whereas the tachyonic UV regime reads the relation CE(S) = 0.0365 S 3 + 0.0363 S 2 − 0.3420 S + 1.1660, within 0.3%, relating the CE to the meson spin. As AdS/QCD is an effective low energy limit of AdS/CFT, a further hard task may consist of investigating supergravity effective domain wall solutions in the context of the CE [56] . 
